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TITLE OF THE INVENTION 
POWER CONVERTER AND ELECTRIC POWER GENERATOR 

IN 

FIELD OF THE INVENTION 
5 The present invention relates to a power 

converter and electric power generator, and more 
particularly, to power conversion using an unstable 
power source as a power supply. 

10 BACKGROUND OF THE INVENTION 

Many power sources having unstable outputs are 
known. Typical examples of the unstable power sources 
are a fuel cell which greatly varies its power 
depending on temperatures, a solar cell which largely 

15 varies its power depending on solar radiation, and a 
wind power generator which largely varies its power 
depending on wind power. 

The outputs of these power sources are unstable, 
so the generated powers cannot be directly used. 

20 Therefore, as a means for compensating for the power 
when the outputs from these power sources are low, a 
method of interconnecting these power sources to a 
commercial power system (to be referred to as a 
"system" hereinafter) is used. For example, to 

25 interconnect a photovoltaic power generator to the 

100-V system, solar cells are connected in series in 
order to obtain a necessary voltage (about 140 V) , and 
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the series -connected solar cells are connected to a 
system interconnection inverter. 

To use an unstable power source, a means for 
compensating for the power when the output is low is 
5 essential as described above. This undesirably 

increases the cost of an electric power generator. To 
reduce the cost, series connection of unstable power 
sources is particularly a problem. 

This problem is serious for a solar cell or fuel 

10 cell having a lower power supply voltage. The output 
voltage of a solar cell is about 0.5 to 1.8 V. To 
interconnect such solar cells to the 100-V system, at 
least several ten solar cells must be connected in 
series. To apply this arrangement to a large-scale 

15 photovoltaic power generator, a plurality of series 

structures in each of which solar cells are connected 
in series must be connected in parallel. The wiring 
work requires much labor, and this greatly raises the 
cost of the photovoltaic power generator. 

20 To reduce the cost of an electric power generator, 

the present inventors have proposed an electric power 
generator in which a power converter is installed for 
each unstable power source, and electric power having a 
low voltage and a relatively large electric current is 

25 input to this power converter, thereby minimizing the 
amount of wiring work which greatly raises the cost. 
However, a power converter which has a high operation 
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efficiency and by which a low-cost electric power 
generator can be constructed when an unstable power 
source is used is still unknown. 



5 SUMMARY OF THE INVENTION 

The present invention has been made to 
individually or collectively solve the above problems, 
and has as its object to provide a power converter 
optimum for a power source having an unstable output 
10 voltage. 

To achieve the above object, a preferred aspect 
of the present invention discloses a power converter 
for converting an output from a power source having an 
unstable output voltage, comprising: 
15 a transformer, wherein a primary winding has two 

or three turns; and 

a converter, arranged to supply DC power supplied 
from the power source to the transformer by switching 
the DC power, thereby boosting the output voltage from 
20 the power source by a few ten times to a few hundred 
times. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
25 drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing an outline of a 
photovoltaic power generating system using cell 
5 converters ; 

Fig. 2 is a block diagram showing the arrangement 
of the cell converter; 

Fig. 3 is a view showing the external appearance 
of the cell converter; 
10 Fig. 4 is a view showing the arrangements of a 

DC/DC converter and inverter; 

Fig. 5 is a graph showing the I-V characteristics 
of a solar cell when the temperature of the solar cell 
is used as a parameter; 
15 Fig. 6 is a graph in which the relationship 

between the power conversion efficiency of the DC/DC 
converter and the input voltage in Example 1 is plotted 
for each input power; 

Fig. 7 is a graph in which the relationship 
20 between the power conversion efficiency of the DC/PC 

converter and the input voltage in Example 2 is plotted 
for each input power; 

Fig. 8 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
25 converter and the input voltage in Comparative Example 
1 is plotted for each input power; 

Fig. 9 is a graph showing the transition of the 
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outside temperature and irradiation; 

Fig. 10 is a graph showing the optimum operating 
point voltage of the solar cell; 

Fig. 11 is a graph showing the integrated power 
5 of each cell converter for every 30 min; 

Fig. 12 is a graph showing the integrated power 
of each cell converter for one day ; 

Fig. 13 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
10 converter and the input voltage in Example 3 is plotted 
for each input power; 

Fig. 14 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
converter and the input voltage in Example 4 is plotted 
15 for each input voltage ; 

Fig. 15 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
converter and the input voltage in Comparative Example 
2 is plotted for each input voltage; 
20 Fig. 16 is a graph showing the transition of the 

outside temperature and irradiation; 

Fig. 17 is a graph showing the optimum operating 
point voltage of the solar cell ; 

Fig. 18 is a graph showing the integrated power 
25 of each cell converter for every 30 min; 

Fig. 19 is a graph showing the integrated power 
of each cell converter for one day; and 
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Figs, 20 to 25 are tables showing the 
specifications of transformers used in Example 1, 
Example 2, Comparative Example 1, Example 3, Example 4, 
and Comparative Example 2 . 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An electric power generator of an embodiment 
according to the present invention will now be 
described in detail in accordance with the accompanying 
10 drawings . 

An electric power generator using a solar cell as 
an unstable power source will be explained as a 
representative example . However, an unstable power 
source is not limited to a solar cell but can be any 
15 power source such as a fuel cell or wind power 

generator which largely varies its power in accordance 
with the environmental condition such as the 
temperature, humidity, solar radiation, or wind power. 
Also, this electric power generator will be 
20 referred to as a "cell converter" hereinafter because 
the electric power generator is a combination of a 
solar cell and power converter. 
[Outline] 

The present inventors examined a power converter 
25 optimum for a cell converter. 

First, since an input to a power converter is a 
low voltage, a transformer having a high transformation 
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ratio must be used. To obtain a high power conversion 
efficiency and realize a small size and low cost, the 
number of turns of the primary winding of a transformer 
is preferably small- Accordingly, the present 
5 inventors first thought that one turn was ideal. This 
is so because if the primary winding has one turn, the 
number of turns of the secondary winding can be 
minimized, and this minimizes the power loss (copper 
loss) produced by the resistance components of the 

10 primary and secondary windings. 

After that, the present inventors found that 
there is a close relationship between the number of 
turns of the primary winding of a transformer, the 
input voltage, and the conversion efficiency. In 

15 particular, the present inventors found that since the 
output voltage of an unstable power source largely 
changes, the integrated power of the output from a 
power converter is not highest when the primary winding 
has one turn . 

20 [ Arrangement ] 

Fig. 1 is a view showing an outline of a 
photovoltaic power generating system using cell 
converters . 

In this photovoltaic power generating system 
25 shown in Fig. 1, the output AC power from cell 

converters 1 can be supplied as a reverse power flow to 
a system 51 via outlets 55. The system 51 is connected 
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to a distribution board 53 via a buying/selling power 
meter 52. The buying/selling power meter 52 includes a 
buying power meter for integrating electric power 
supplied from the system 51 to a load 54, and a selling 
5 power meter for integrating electric power which 

reversely flows from the photovoltaic power generating 
system to the system 51. The distribution board 53 is 
connected to a plurality of outlets such as an outlet 
55 which supplies electric power to the load 54, and 
10 outlets 55 to which AC power is input from the cell 
converters 1 . 

# Cell Converter 

Fig. 2 is a block diagram showing the arrangement 
of the cell converter 1. Fig. 3 is a view showing the 

15 external appearance of the cell converter 1. 

The cell converter 1 is made up of a solar cell 7, 
and a DC/DC converter 9 and inverter 21 arranged on a 
non-light-receiving surface (rear surface) of the solar 
cell 7. The output power (DC power) from the solar 

20 cell 7 is converted into an AC power of 100 V, and this 
AC power is output via a plug 32 corresponding to the 
outlet 55. 

# Solar Cell 

As the solar cell 7 used in the cell converter 1, 
25 a solar cell such as an amorphous silicon-based, 

polysilicon-based, or single crystal silicon-based 
solar cell can be used. A voltage of 0.8 to 1.8 V 
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favorable as an input voltage to the cell converter 1 
can be obtained by connecting solar cells in series. 
However, this voltage of 0.8 to 1.8 V can be easily 
obtained by using a stacked solar cell. The use of a 
5 stacked solar cell is favorable because series 

connection of solar cells is unnecessary. As the 
stacked solar cell, a tandem cell structure or triple 
cell structure is well known. 

The power capacity of the solar cell 7 is 

10 preferably as follows . 

The conversion efficiency of the solar cell is 
about 10%. If the size of the solar cell 7 is 
increased, the distance between the solar cell and a 
power converter increases. Accordingly, the resistance 

15 of the line increases, and this increases the loss. 
The output voltage of the solar cell 7 is originally 
low. Therefore, if the size of the solar cell 7 is 
increased, an electric current increases, and this 
abruptly increases the loss on the line between the 

20 solar cell 7 and a power converter. In other words, 

even if the line between the solar cell 7 and a power 
converter is made short and thick as much as possible, 
the capacity (size) of the solar cell 7 cannot be 
unlimitedly increased in order to decrease the loss on 

2 5 this line. 

On the other hand, when a power converter is to 
be attached to the solar cell 7 , this power converter 
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must be placed as close as possible to the solar cell 7 
in order to decrease the loss on the line. If the 
capacity (size) of the solar cell 7 is decreased, the 
power converter becomes difficult to place- In 
5 addition, the number of the cell converters 1 required 
to obtain the necessary power increases. This raises 
the cost of the photovoltaic power generating system. 

Accordingly, the power capacity of the solar cell 
7 is naturally 5 to 40 W in accordance with the 

10 relationship between the loss and the cost. 
# DC/DC Converter & Inverter 

The DC/DC converter 9 boosts the output voltage 
from the solar cell 7 and supplies this voltage to the 
inverter 21. The DC/DC converter 9 is required to have 

15 a high efficiency and low loss in order to effectively 
use a relatively low generated power of the solar cell 
7. 

Fig. 4 is a view showing the arrangements of the 
DC/DC converter 9 and inverter 21. 

20 A gate driving circuit 46 of the DC/DC converter 

9 supplies two gate driving signals having opposite 
phases to switching elements 33 and 34 forming a 
push-pull switching circuit. The duty of each gate 
driving signal (rectangular wave) is fixed. This duty 

25 of the gate driving signal is preferably 50% which is 
the maximum duty of the push-pull switching circuit, 
since the conversion efficiency is high. The duty of 
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the gate driving signal is fixed in order to simplify 
the arrangement, decrease the cost, and improve the 
reliability of the gate driving circuit 46. Note that 
the switching frequency is set between 20 kHz to a few 
hundred kHz in accordance with tradeoff between the 
switching loss and downsizing of the transformer. 

As described above, the cell converter 1 has a 
low input voltage and a large input current which 
compensates for the low input voltage. Therefore, the 
ratio of the loss when the primary side is conducted is 
very large in the total loss of the DC/DC converter 9. 
Assuming that the input voltage and output voltage of 
the DC/DC converter 9 are equal, an electric current 
flowing through an ON switching element is doubled if 
the on-duty is halved. Accordingly, when the switching 
elements 33 and 34 are driven by decreasing the on-duty, 
the loss on the primary side was increased as indicated 
by 

L = Is 2 • R • D ... (1) 

where L is the loss on the primary side 

Is is an electric current flowing through the 
switching element 
R is the resistance 
D is the on-duty 

For example, if the on-duty is halved (D/2), an 
electric current flowing through the switching element 
is doubled (2 •Is), so the loss when the primary side 



is conducted is doubled as indicated by 

L = (2 * Is) 2 • R • D/2 » 41s 2 • R • D/2 = 2 • Is 2 • R • D 
That is, in the DC/DC converter 9, the loss on 
the primary side can be minimized by fixing the duty of 
5 the gate driving signal to 50% of the maximum value (or 
less than 50% of the maximum value in order to prevent 
a period during which both the switching elements 33 
and 34 are turned on by a switching element delay) . 
Note that the voltage on the secondary side of the 

10 DC/DC converter 9 is sufficiently high (about 140 V 

when the cell converter is interconnected to the 100 -V 
system) , and the electric current on this secondary 
side is much smaller than that on the primary side 
(e.g., about 1/140 that on the primary side). 

15 Therefore, the ratio of the generated loss is smaller 
than that on the primary side. 

Also, since the output voltage of the solar cell 
7 is low, MOSFETs having a low ON resistance are 
preferably used as the switching elements 33 and 34. 

20 At present, a MOSFET as a unipolar device is 
particularly excellent in ON resistance. 

In order that the power supply of the DC/DC 
converter 9 be regarded as a voltage source, an input 
capacitor 32 is preferably an OS-CON (manufactured by 

25 Sanyo Electric) having a low equivalent series 
resistance (ESR) and a good high frequency 
characteristic. It is also possible to use a 
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monolithic ceramic capacitor or tantalum electrolytic 
capacitor having a low ESR. By this input capacitor 32, 
the power supply of the DC/DC converter 9 can be 
regarded as a voltage source, so the DC/DC converter 9 
5 functions as a so-called voltage source type converter* 
The transformation ratio (winding ratio) of a 
transformer 15 is so set that a DC voltage (e.g., 140 V 
or more) necessary for the inverter 21 to output an AC 
voltage of 100 V is supplied to the inverter 21 when 

10 the operating voltage of the solar cell 7 is a minimum. 
Note that when the switching circuit of the DC/DC 
converter 9 is operated at a maximum duty of 50%, the 
output voltage of the DC/DC converter 9 is obtained by 
multiplying the input voltage by the transformation 

15 ratio of the transformer 15. 

The minimum voltage of the output destination is 
48 V of a communication DC power source, the maximum 
voltage is 380 V calculated by taking account of 
voltage variations in an AC output of 200 V, and the 

20 preferred range of the solar cell as an input source is 
0.8 to 1.8 V. Accordingly, the transformation ratio of 
the transformer 15 of this embodiment is about 25 to 
500 times. 

The larger the number of turns of the transformer 
25 15, the higher the power conversion efficiency when the 
output from the solar cell 7 is low, and the lower the 
power conversion efficiency when the output from the 
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solar cell 7 is high. The present inventors found that 
the number of turns of the primary winding of the 
transformer 15 is preferably 2 or 3 in order to improve 
the integrated value (to be referred to as an 
5 "integrated conversion efficiency" hereinafter) of the 
conversion efficiency of a power converter connected to 
an unstable power source whose output voltage largely 
varies in accordance with temperature changes or solar 
radiation variations. 

10 When the number of turns of the primary winding 

is 2 or 3, the length of the primary winding is 
disadvantageously two to three times that when the 
number of turns is 1 . In addition, since the winding 
region is predetermined, the winding sectional area 

15 allocated per turn reduces to 1/2 to 1/3. As a 
consequence, the resistance value of the primary 
winding increases by approximately four to nine times. 
However, since the flux density of the core of the 
transformer decreases to 1/2 to 1/3, the iron loss of 

20 the transformer can be reduced. Also, the loss on the 
primary side of the DC/DC converter 9 as a whole 
includes the ON resistance loss of the switching 
elements 33 and 34 and the wiring loss, in addition to 
the iron loss of the transformer 15 and the copper loss 

25 of the primary winding described above. Therefore, 

even when the resistance value of the primary winding 
of the transformer 15 increases by four times, the loss 
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of the DC/DC converter 9 as a whole does not increase 
by four times. Note that the number of turns means the 
number of linkages of a "core" as a path of a magnetic 
flux and a "wire" as a path of an electric current . 
[Operation of Cell Converter] 

In the arrangements shown in Fig. 4, DC power is 
input from the solar cell 7 to the DC/DC converter 9. 
The input DC power is smoothed by the input capacitor 
32, and boosted by a boosting circuit including the 
gate driving circuit 46, switching elements 33 and 34, 
and transformer 15. The output power from the 
secondary winding of the transformer 15 is rectified by 
a diode bridge 36, smoothed by a smoothing circuit 37, 
and supplied to the inverter 21. 

Since the duty of the switching circuit of the 
DC/DC converter 9 is fixed, the ratio of the input 
voltage to the output voltage is always constant. 
Accordingly, the output voltage of the DC/DC converter 
9 is represented by 

Vd = Tr X vop . . . ( 2 ) 

where Vd is the output voltage of the DC/DC converter 9 

Vop is the operating point voltage of the solar 

cell 7 

Tr is the boosting ratio 
and varies if the operating point voltage of the solar 
cell 7 varies . 

A control circuit 53 of the inverter 21 monitors 
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the input voltage and current from the DC/DC converter 
9 by using an input voltage detector 54 and input 
current detector 55, respectively, and controls the 
switching operation of the inverter bridge 52 by pulse 
5 width modulation (PWM). By this PWM, the output 
voltage and current from the DC/DC converter 9 are 
controlled. Consequently, the operating point voltage 
and electric current of the solar cell 7 can be 
controlled. In other words, the control circuit 53 

10 allows effective use of the generated power of the 
solar cell 7 by controlling tracking of the maximum 
power of the DC/DC converter 9 and solar cell 7. 

The input DC power to the inverter 21 is 
converted into AC power by the inverter bridge 52 and a 

15 filter 58 including interconnection reactors, and 
supplied to the plug 32. 

A number of methods are known as a method of 
monitoring the input voltage and current to the 
inverter 21 and controlling the inverter bridge 52 by 

20 PWM. An example will be described below. 

The control circuit 53 which is a one-chip 
microprocessor or the like generates a switching 
control signal to be supplied to the inverter bridge 52 
made up of four bridge -connected switching elements as 

25 follows. 

That is, the control circuit 53 detects the input 
voltage and input current by the input voltage detector 
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54 and input current detector 55, respectively, and 
sets a command value of the optimum operating point 
voltage of the solar cell 7. The control circuit 53 
then compares the command value of the optimum 
5 operating point voltage with the input voltage, and 
generates an input error signal. 

Also, the control circuit 53 detects the voltage 
of a fundamental frequency component of a connecting 
point by using an AC voltage detector 56 having a 

10 bandpass filter. Then, the control circuit 53 
multiplies the input error signal by a signal 
indicating the detected voltage of the fundamental 
frequency component, thereby generating a current 
command value signal indicative of a control target 

15 value. In addition, the control circuit 53 performs an 
arithmetic operation by using the current command value 
signal and a signal indicating an alternate current 
detected by an output current detector 57, thereby 
generating a current error signal. 

20 A gate control circuit as part of the control 

circuit 53 compares this current error signal with a 
reference triangular wave signal of about several tens 
of kHz, and generates a PWM switching signal. The gate 
control circuit supplies this PWM switching signal to 

25 each switching element of the inverter bridge 52. 

By the maximum power tracking control and 
feedback control as described above, the inverter 21 
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extracts the maximum power from the solar cell 7 and 
DC/DC converter 9, and at the same time outputs AC 
power having the same current phase as the system 51 
and a power factor of 1. 
5 Typical examples according to the present 

invention will be described below, and the effects of 
these examples will be verified in accordance with the 
results of comparison with comparative examples. 
Examples 

10 In each example explained below, the form of a 

photovoltaic power generating system is the same as 
Fig. 1, and the arrangement of a cell converter is the 
same as Fig. 4. 
[ Example 1 ] 

15 In Example 1, a thin film solar cell in which an 

amorphous layer and microcrystal layer were stacked was 
used as the solar cell 7 . The structure and 
manufacturing method of the stacked solar cell and the 
method of attaching a collector electrode are 

20 irrelevant to the substance of the present invention, 
so a detailed description thereof will be omitted. 
However, these structure and methods are disclosed in, 
e.g., Japanese Patent Laid-Open Nos. 11-243219 and 
8-139439. 

25 The single cell performance of the solar cell 7 

was an output of 1.0 V at 15.0 A under rated solar 
radiation (spectral AM 1.5, 100 mW/cm 2 , cell 
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temperature 55*0). A power generator was obtained by 
attaching the DC/DC converter 9 to each solar cell 7. 

# Transformer 

If the minimum operating voltage of the solar 
5 cell 7 is fixed to 0.8 V, the boosting ratio when the 
100-V system 51 is the destination of connection can be 
0.8 : 140 = 1 : 175. However, the transformation ratio 
(the number of turns of primary winding : the number of 
turns of secondary winding) of the transformer 15 was 
10 set to 1 : 200 to leave a certain margin. Also, the 

switching frequency of the DC/DC converter 9 was set at 
40 kHz, and the duty of the DC/DC converter 9 was fixed 
to 50%. 

The DC/DC converter 9 has a push-pull circuit. 

15 Therefore, letting PI and P2 be the numbers of turns of 
the two primary windings of the transformer 15, and SI 
be the number of turns of the secondary winding, the 
winding ratio PI : P2 : SI is 1 : 1 : 200. The 
specifications of the transformer 15 used in Example 1 

20 are shown in Fig. 20. 

• Output Characteristics 

The output voltage from the solar cell 7 changes 
momentarily in accordance with the environment such as 
the ambient temperature or solar radiation. 
25 Accordingly, the input voltage to the DC/DC converter 9 
which inputs the generated power of the solar cell 7 
also largely changes in accordance with the environment. 
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Fig. 5 is a graph showing the I-V characteristics 
of a solar cell when the temperature of the solar cell 
is used as a parameter. The operating voltage of a 
solar cell often rises when the temperature lowers, 
5 although it also depends upon the type of solar cell. 
The operating voltage of course changes in accordance 
with the irradiation. 

Fig. 6 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
10 converter 9 and the input voltage in Example 1 is 

plotted for each input power. The characteristics are 
separately plotted for low solar radiation (the input 
power was 1 to 8 W) and high solar radiation (the input 
power was 9 to 15 W) , so that the curves indicating 
15 these characteristics do not overlap. The power 
conversion efficiency V is indicated by 

= (Vo • Io/Vi • Ii) X 100 -..(3) 
where Vo is the output voltage of the DC/DC converter 9 

10 is the output current of the DC/DC converter 9 
20 Vi is the input voltage of the DC/DC converter 9 

11 is the input current of the DC/DC converter 9 
The input voltage changed in accordance with 

environmental changes. However, as shown in Fig. 6, a 
high conversion efficiency (80 to 95%) was stably 
25 obtained within the range of about 0.8 to 1.2 V. 
[Example 2] 

In Example 2, the number of turns of the primary 
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winding of the transformer 15 used in the DC/DC 
converter 9 was 3. The specifications of the 
transformer 15 used in Example 2 are shown in Fig. 21 . 

Similar to Fig. 6, Fig. 7 is a graph in which the 
5 relationship between the power conversion efficiency of 
the DC/DC converter 9 and the input voltage in Example 
2 is plotted for each input power. 

Compared to Example 1 # the DC/DC converter 9 of 
Example 2 had a high conversion efficiency under low 

10 solar radiation (the input power was 1 to 8 W) # and 
decreased the conversion efficiency under high solar 
radiation (the input power was 9 to 15 W) . 
[Comparative Example 1] 

To demonstrate the effectiveness of Examples 1 

15 and 2, a DC/DC converter 9 incorporating a transformer 
15 in which the number of turns of the primary winding 
was 1 was formed as Comparative Example 1. The 
specifications of the transformer 15 used in 
Comparative Example 1 are shown in Fig. 22. 

20 Similar to Figs. 6 and 7, Fig. 8 is a graph in 

which the relationship between the power conversion 
efficiency of the DC/DC converter 9 and the input 
voltage in Comparative Example 1 is plotted for each 
input power . 

25 Compared to Examples 1 and 2, the DC/DC converter 

9 of Comparative Example 1 had a high conversion 
efficiency for the rated input (IV, 15 W), but had a 



low conversion efficiency especially when the input 
voltage was high. Accordingly, the conversion 
efficiency presumably lowers in the morning and evening 
during which the temperature of the solar cell 7 is low 
5 and solar radiation is weak, or in the wintertime 
during which the temperature is low. 
[Comparative Test] 

Figs. 9 to 12 are graphs showing the results of 
comparison of the integrated powers of the cell 

10 converters 1 of Examples 1 and 2 and Comparative 
Example 1 in a certain day. Fig. 9 shows the 
transition of the outside temperature and irradiation. 
Fig. 10 shows the optimum operating point voltage of 
the solar cell 7 (in other words, the transition of the 

15 input voltage to the DC/DC converter 9). Fig. 11 shows 
the integrated power of each cell converter 1 for every 
30 min. Fig. 12 shows the integrated power of each 
cell converter 1 for a day. 

As shown in Fig. 11, Examples 1 and 2 in which 

20 the numbers of turns of the primary windings were 2 and 
3, respectively, had excellent output characteristics 
under low solar radiation when compared to Comparative 
Example 1 in which the number of turns of the primary 
winding was 1. In addition, although not clearly shown 

25 in Fig. 11, when the forenoon and afternoon under the 
same solar radiation conditions are compared, the 
output difference was larger in the forenoon during 
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which the temperature of the cell converter 1 was low. 
This is so because, as shown in Figs. 6 to 8 , the 
conversion efficiency of Comparative Example 1 was low 
when the temperature of the solar cell 7 was low and 
5 the output voltage of the solar cell 7 was high (the 
input voltage was high) . 

Fig. 12 shows the integrated power per day 
calculated by adding up the integrated powers for every 
30 min shown in Fig. 11. As shown in Fig. 12, Examples 

10 1 and 2 were inferior to Comparative Example 1 in the 
power generation amount for the daytime except for the 
morning and evening, but superior to Comparative 
Example 1 in the power generation amounts for the 
morning and evening. Consequently, the integrated 

15 power per day of each of Examples 1 and 2 was larger 
than that of Comparative Example 1. Although Figs. 9 
to 12 show data obtained in fine weather, in cloudy 
weather the power generation amounts of Examples 1 and 
2 were often larger than that of Comparative Example 1 

20 throughout a day. Also, even in fine weather, the 
power generation amounts of Examples 1 and 2 were 
larger than that of Comparative Example 1 in the 
morning and evening and in the wintertime during which 
the temperature of the cell converter 1 was low. 

2 5 Accordingly, the power generation amounts per year of 
Examples 1 and 2 are presumably larger than that of 
Comparative Example 1. 
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Furthermore, the conversion efficiency 
characteristics shown in Figs. 6 and 7 are stabler than 
those shown in Fig. 8 with respect to changes in input 
voltage. Therefore, when the number of turns of the 
5 primary winding is set to 2 or 3 , the effect of 

extending the range of the operating point voltage of 
the solar cell 7 can be expected. 
[Example 3] 

In Example 3, a solar cell in which three 

10 photoelectric conversion layers containing amorphous 

silicon were stacked was used as the solar cell 7. The 
manufacturing method of this solar cell is disclosed in 
Japanese Patent Laid-Open No. 6-21494 and the like. 

The performance of the solar cell 7 was an output 

15 of 1.5 V at 30 W under rated solar radiation (spectral 
AM 1.5, 100 mW/cm 2 , cell temperature 55*0). Note that 
the optimum operating point voltage of the solar cell 
changed between 1 . 2 and 1.8 V in accordance with 
changes in environment (solar radiation and 

20 temperature). 

As in other examples, the DC/DC converter 9 had a 
push-pull circuit, the switching frequency of the DC/DC 
converter 9 was set at 40 kHz, and the duty of the 
DC/DC converter 9 was fixed to 50%. However, the 

25 transformation ratio of the transformer 15 used was 
changed because the voltage of the solar cell 7 was 
different from that in Example 1. 
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Transformer 

Since the minimum value of the optimum operating 
point voltage of the solar cell 7 is 1.2 V, the 
boosting ratio when the 100-V system 51 is the 
5 destination of connection is 1.2 : 140 = 1 : 117. 

However, the transformation ratio of the transformer 15 
was set to 1 : 133 to leave a certain margin. The 
- specifications of the transformer 15 used in Example 3 
are shown in Fig. 23. 
10 • Output Characteristics 

Fig. 13 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
converter 9 and the input voltage in Example 3 is 
plotted for each input power. 
15 The input voltage changed in accordance with 

environmental changes. However, as shown in Fig. 13, a 
high conversion efficiency (90 to 95%) was stably 
obtained within the range of about 1.2 to 1.8 V. 
[Example 4] 

20 In Example 4, the same solar cell 7 as in Example 

3 was used, and the number of turns of the primary 
winding of the transformer 15 used in the DC/DC 
converter 9 was changed to 3. The specifications of 
the transformer 15 used in Example 4 are shown in 

25 Fig. 24. 

Fig. 14 is a graph in which the relationship 
between the power conversion efficiency of the DC/DC 
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converter 9 and the input voltage in Example 4 is 
plotted for each input power. 

Compared to Example 3, the DC/DC converter 9 of 
Example 4 generally had a high conversion efficiency 
5 under low solar radiation (the input power was 1 to 8 
W), and decreased the conversion efficiency under high 
solar radiation (the input power was 9 to 15 W). 
[ Comparative Example 2 ] 

To demonstrate the effectiveness of Examples 3 
10 and 4, a DC/DC converter 9 incorporating a transformer 
15 in which the number of turns of the primary winding 
was 1 was formed as Comparative Example 2. The 
specifications of the transformer 15 used in 
Comparative Example 2 are shown in Fig. 25. 
15 Similar to Figs. 13 and 14, Fig. 15 is a graph in 

which the relationship between the power conversion 
efficiency of the DC/DC converter 9 and the input 
voltage in Comparative Example 2 is plotted for each 
input power. 

20 Compared to Examples 3 and 4, the DC/DC converter 

9 of Comparative Example 2 had a high conversion 
efficiency for the rated input (1.5 V, 30 W) , but had a 
low conversion efficiency especially when the input 
voltage was high. Accordingly, the conversion 

25 efficiency presumably lowers in the morning and evening 
during which the temperature of the solar cell 7 is low 
and solar radiation is weak, or in the wintertime 
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during which the temperature is low. 
[ Comparative Test ] 

Figs. 16 to 19 are graphs showing the results of 
comparison of the integrated powers of the cell 
5 converters 1 of Examples 3 and 4 and Comparative 
Example 2 in a certain day. Fig. 16 shows the 
transition of the outside temperature and irradiation. 
Fig. 17 shows the optimum operating point voltage of 
the solar cell 7 (in other words, the transition of the 

10 input voltage to the DC/DC converter 9). Fig. 18 shows 
the integrated power of each cell converter 1 for every 
30 min. Fig. 19 shows the integrated power of each 
cell converter 1 for a day. 

As shown in Fig. 18, Examples 3 and 4 in which 

15 the numbers of turns of the primary windings were 2 and 
3, respectively, had excellent output characteristics 
under low solar radiation when compared to Comparative 
Example 2 in which the number of turns of the primary 
winding was 1. In addition, although not clearly shown 

20 in Fig. 18, when the forenoon and afternoon under the 
same solar radiation conditions are compared, the 
output difference was larger in the forenoon during 
which the temperature of the cell converter 1 was low. 
This is so because, as shown in Figs. 13 to 15, the 

25 conversion efficiency of Comparative Example 2 was low 
when the temperature of the solar cell 7 was low and 
the output voltage of the solar cell 7 was high (the 
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input voltage was high) . 

Fig. 19 shows the integrated power per day 
calculated by adding up the integrated powers for every 
30 ruin shown in Fig. 18. As shown in Fig. 19, Examples 
5 3 and 4 were inferior to Comparative Example 2 in the 
power generation amount for the daytime except for the 
morning and evening, but superior to Comparative 
Example 2 in the power generation amounts for the 
morning arid evening. Consequently, the integrated 

10 power per day of each of Examples 3 and 4 was larger 
than that of Comparative Example 2. Although Figs. 16 
to 19 show data obtained in fine weather, in cloudy 
weather the power generation amounts of Examples 3 and 
3 were often larger than that of Comparative Example 2 

15 throughout a day. Also, even in fine weather, the 
power generation amounts of Examples 3 and 4 were 
larger than that of Comparative Example 2 in the 
morning and evening and in the wintertime during which 
the temperature of the cell converter 1 was low. 

20 Accordingly, the power generation amounts per year of 
Examples 3 and 4 are presumably larger than that of 
Comparative Example 2. 

Furthermore, the conversion efficiency 
characteristics shown in Figs. 13 and 14 are stabler 

25 than those shown in Fig. 15 with respect to changes in 
input voltage. Therefore, when the number of turns of 
the primary winding is set to 2 or 3, the effect of 



- 28 - 



extending the range of the operating point voltage of 
the solar cell 7 can be expected. 

In this embodiment as has been described above, 
in a power converter which receives power from a power 
source having an unstable output voltage, the number of 
turns of the primary winding of a transformer for 
boosting the output DC power from the unstable power 
source is set to 2 or 3. This improves the integrated 
power per day of an electric power generator (in other 
words, the conversion efficiency per day). Especially 
in a cell converter using a solar cell as an unstable 
power source, the generated power of the solar cell can 
be effectively used. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims . 
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